We report control of semiconductor laser polarization by patterning plasmonic structures on the laser facet. Linearly-polarized laser emission along an arbitrary polarization direction and a combination of linearly-and circularly-polarized laser emission are demonstrated. [3] . However, semiconductor lasers are mostly linearly-polarized either TE or TM, which is determined by the optical selection rules of the gain medium [4, 5] . Other state of polarizations proved difficult to achieve.
Light sources with a desirable polarization state are of high interests for many applications such as satellite communications [1] , detection of chiral molecules [2] and quantum cryptography [3] . However, semiconductor lasers are mostly linearly-polarized either TE or TM, which is determined by the optical selection rules of the gain medium [4, 5] . Other state of polarizations proved difficult to achieve.
Conventionally, manipulation of the polarization state of a light output is conducted externally using bulky and expensive optical components such as beam-splitting polarizers and wave plates [4] . The integrated plasmonic polarizer reported here provides a compact solution allowing the development of polarization-controllable active and passive devices over a wide frequency range. We used mid-infrared (mid-ir) edge-emitting quantum cascade lasers (QCLs) as a model system to demonstrate control of laser polarization state, i.e., to rotate the linearly-polarized output of a QCL by an arbitrary angle and to transform a linearly-polarized QCL into a circularly-polarized device [6] . QCLs are intrinsically TM polarized: the electric field of the mode is parallel to the growth direction of the material layers (z direction in Fig. 1(a) ) [5] .
The design involves patterning of an aperture-grating plasmonic structure [6] [7] [8] on the metal coated laser facet using focused ion beam milling. In order to rotate the polarization of a QCL by an angle θ, the aperture-grating structure was orientated at an angle θ from the vertical direction, as shown in Fig. 1(a) . The aperture is an opening in the metal film on the laser active region. It allows direct laser emission and coupling of a fraction of the laser output into surface plasmons (SPs), which propagate in a direction perpendicular to the grating grooves. The far-field of the device corresponds to an interference pattern produced by direct emission from the aperture and scattering from the grating grooves due to Bragg diffraction of SPs by the second-order grating (i.e., grating period ≈ SP wavelength λ sp ). The polarization of the direct emission from the aperture is mainly along the direction given by θ [9] ; the polarization of the light coherently scattered by the array of grooves is along the θ direction, determined by the orientation of the latter. As a result, the output of the device is polarized along the θ direction. in the far field corresponding to the center of the main lobe. As the wire-grid polarizer was rotated, the signal on the detector showed two clear maxima and minima ( Fig. 1(c) ). The maxima occurred for a rotation angle corresponding to 135 o and -45 o with respect to the +x direction and we observed a high cross-polarization suppression ratio, demonstrating our ability to efficiently rotate the polarization of a QCL. The maximum power output of the device is about 30% of that of the original laser. The laser threshold of the device is essentially the same as the original laser. We also demonstrated rotation of linear polarization direction of QCLs by -45 o and +60 o . A circularly-polarized beam can be constructed by coherently combining two linearly-polarized beams perpendicular to each other and 90 o out of phase. Fig. 2(a) shows electron micrographs of the facet of an edge-emitting QCL patterned with a metallic structure that satisfies the condition to obtain a circularly-polarized far-field. Two aperture-grating structures were patterned on the device facet with their respective orientation angles equal to θ=±45 o phase difference. The direct emissions from the two apertures have no phase difference and they contribute to a TM polarized optical background. The measured 2D far-field emission pattern of the device is shown in Fig. 2(b) : each grating contributes radiation with greatly reduced divergence angle in the direction normal to the grooves and the far-field pattern is cross-shaped. Figure 2(c) is the measured device output when a wire-grid polarizer was rotated in front of a detector. The detector was placed in the far field corresponding to the center of the cross-shaped emission pattern. The analysis of Fig. 2(c) indicates that this part of the laser beam consists of a right circularly-polarized component and a linearly-polarized component originating from the two gratings and the two apertures, respectively. We envision some improved designs, which offer efficient suppression of the linearly-polarized background. In conclusion, with the integrated plasmonic polarizer, the polarization of a TM-polarized QCL was rotated by 45 o . By designing a facet with two orthogonal grating-aperture structures, a polarization state consisting of a superposition of a linearly and right-circularly polarized light was demonstrated. This represents a first step towards a circularly-polarized laser. Integrated plasmonic polarizer offers a broadly applicable solution to the problem of manipulating the polarization state of a light beam; a similar design can be scaled to satisfy essentially all solid-state light sources with different wavelengths.
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